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HISTORICAL »nd INTRODUCTION
k common procedure for analysing polypeptides and proteins 
includes the analysis of the total amino acid composition. This 
commonly is achieved by a three-step procedure.
1) Cleavage of any disulfide bridges with paroxyformio acid.
2) Obtain total hydrolysis by heating the protein or peptide 
with 6n HC1 at 100-120 °C for 10-2^ hrs.
3) Analyze the hydrolysate with a chromatographic technique. 
The techniques used for analysis of amino acid mixtures have 
included two-dimensional paper chromatography and/or electrophore-
2 i itsis and ion exchange column chromatography.*'* These methods 
give good results, yet can require up to 2^ hrs. for separation.^ 
One method which gives good separations in a short amount 
of time with analytical results is gas chromatography. Unlike 
the other methods, gas chromatography cannot be used on the amino 
acids as they are since their vapor pressures are too low.^ To 
analyze amino acids using gas chromatography, volatile derivatives 
of the amino acids must be made.
Ester derivatives of the amino acids have been preferred 
due to their volatility and ease of preparation.' To increase
the volatility and add stability to the derivative, a means,of de-
8 orivatizing the amino group was sought. ’7 The N-trifluoroaoetyl 
ester group was found to give the best volatility.10'11 This group 
has been used with several different ester derivatives. Two of the 
most common, however, are the methyl and n-butyl esters.
Several groups contributed to the early work done with the 
N-trifluoroacetyl methyl ester derivatives.^’10-1^ This deriva­
tive offers such advantages as quick derivatization, ^*12 high
n 4 2 € t# i%volatility,'' and good separations of many amino aoids.*7** ’**'
Some difficulties, however, have been encountered with this de­
rivative such as losses due to volatility for some of the amino 
aoids (e.g. analine and valine),12 difficulties in obtaining 
some of the derivatives (e.g. arganine, histidine, tryptophane, 
and cystine),5>12»13 an(j difficulties obtaining complete resolu­
tion between some of the compounds.^
To eliminate these problems, other derivatives were made.
The N-trifluoroacetyl n-butyl esters produced no losses upon
14sample concentration, whereas thirty-six percent loss of methyl 
N-trifluoroacetylvaline occurred when samples were evaporated 
under reduced pressure at room temperature. Better results were 
obtained for the more difficult amino acids using the N-trifluoro- 
acetyl n-butyl ester derivative.1^ Also, fair separations were 
obtained on a large group of these compounds.1^
Some difficulties have been encountered with this derivative, 
too. The synthesis procedure used by Zomzely, Marco, and Emery1*' 
was time consuming. Difficulties were encountered in dissolving 
cystine, lysine, and histidine in n-butanol to obtain the n-butyl 
esters.12 Also, complete resolution of the major amino acids was 
not obtained with this derivative, either, since the N-trifluoro­
acetyl n-butyl esters of aspartic acid and phenylanaline overlapped 
(when chromatographed on l£ neopentylglycol succinate).1**
Some things can be done to improve this. Different supports 
have been used in attempts to improve the separation.1^’12 Also, 
to aid the derivatization of cystine, lysine, and histidine to
their n-butyl esters, the methyl esters of these amino acids oan
16be interesterified. The methyl esters of these amino acids
can be obtained due to their greater solubility in methanol over 
n-butanol. Complete conversions to the butyl esters could then 
be obtained.
With the proper derivatives, gas chromatography gives a good 
separation of the amino acids. This method can be used for analy­
tical purposes, as well. Quantitation can be made by comparing 
the area of the peaks obtained from the sample to those of a 
standard. Qualitation can be done by comparing retention times 
with the retention times of a standard. This method works well 
if the amino acids in the protein or peptide are already known» 
however, in many samplos a better means of qualitation is re­
quired .
One method that has been used and has given good identifi­
cation of these amino acid derivatives is mass spectrometry.^'
This method of analysis is very advantageous in qualitative analysis 
since the molecular ion can provide the molecular weight and frag­
ments can provide much structural information. Mixtures of amino 
acid derivatives, as would be the product of a peptide hydrolysate, 
could be identified best by using a determination technique like 
mass spectrometry and a means of separation like gas chromato­
graphy .
The technique of coupling mass spectrometry and gas chroma-
20tography was developed initially in 1957 by Holmes and Morrell.
It has grown since then to be a method of great importance for
the analysis of mixtures of known and unknown composition. For
the amino acids, Gelpi, Koenig, Gilbert, and Oro showed that mix-
21tures of the derivatives could be analyzed using this technique.
For this type of mixture where sample resolutions may not be complete
there is an added benefit to this method in that complete sepa­
ration is not ntosssory for successful qualitative analysis.
Though bob epeetrometry probably provides the best form 
of analysis! it eon be disadvantageous for several reasonsi 1) the 
cost of running a mass spectrometer is fairly hight 2) if the 
analysis is routine, it may be wasting time on the mass spectro­
meter t and 3) mass spectrometers are not always readily available.
Of the possible alternative methods of analysis, gas chromato­
graphy is probably the most practical. As mentioned, separation 
of a mixture of amino acid derivatives can be made quickly with 
some ability to produce quantitative and qualitative results.
Also, in using the gas chromatograph alone, one saves in the cost 
and availability problems encountered with the mass spectrometer.
For qualitative analysis using gas chromatography, retention 
times of the amino acid derivative mixture con be compared to 
the retention times of the amino acid derivatives of a standard 
solution. Such a standard con be made or bought through indus­
try (e.g.i Regis produces standard solutions of the N-trifluoro- 
acetyl n-butyl esters for 20 common amino acids). This can take 
time for preparationi or if obtained from industrial sources, 
it con be fairly expensive (for 1981, the Regis standards sold for 
$ 395.00).
Another problem with zetention times is that they are not 
completely reproducible between runs. Simple changes in the tem­
perature or the flow rate of the carrier gas can alter the results.
2?A more reproducible value for retention is the retention volumn.
This value is not affected by the carrier gas flow rate (unless it 
is different than the recorded value.) It does, however, have other
5problems still associated with it< 1) calculations for the re­
tention volumn require certain parameters that are generally unknowni 
2) retention volumns offer no discriptive valuei 3) and they do not 
give any method of showing the temperative dependency.
A better means of qualitative analysis with gas chromato­
graphy is through the use of relative retentions. 2 m i s  means 
obtaining a ratio between the retention of an internal standard 
and the retention of the analyte. Many different internal standards 
have been used, but one of the most versatile means of analysis 
with relative retentions was developed in 1958 by E. Kovats22'2^ 
and is known as Kovats retention indices.
Retention index values are found by comparing the retention 
time of the analyte to the retention times of a group of normal 
hydrocarbons. Each hydrocarbon is given an index value related to 
the number of carbons it contains (i.e., decane, C j0H22» would 
have an index value of 1000, undecane would be 1100, etc.).
The index values of the analyte can then be read off of a curve 
of the hydrocarbon's retention times vs. retention index values.
(For non-programmed runs, the plot of logarithm (retention time) 
vs. retention index gives a linear graph.)
There are several advantages to using this method. One
of the major benefits is that the values obtained for different
22columns with the same stationary phases are fairly constant.
Also, though the temperature does affect the retention index
values, results will stay fairly constant as long as that change
22is not too radical. With larger changes in the temperature,
the differences in the retention index values are directly related
22to the temperature change.
22
6For these reasons, a system of Kovats retention indices will 
be developed in this study for the analysis of the N-triflaoro- 
acetyl methyl and n-butyl esters of a group of 35 aeino acids.
Two columns containing different supports will be used and the 
results obtained from these runs will indicate the optimum method 
of analysis for a mixture of amino acid derivatives. Analysis 
of the hydroysate of different peptides can be used to show the 
qualitative ability of this method, if this method provides 
adequate results, it then would be used for initial peptide analy 
sis to save usage time on the mass spectrometers.
7experimental
General Procedure
The 36 amino acids were derivatized into their N-trifluoro- 
acetyl methyl and n-butyl esters. According to their polar pro­
perties, they were put into three groups 1 1 ) the neutral, non­
polar amino acidsj 2) the neutral, polar amino acidsj and 3 ) the 
acidic and basic amino acids. Individual analysis of each com­
pound was done with the hydrocarbon mixture to give initial re­
tention indices for each compound and to indicarte any unusual 
results. Finally, mixtures of the derivatives were obtained 
according to their grouping, and these were chromatographed with 
the hydrocarbon mixture at optimum conditions to provide 13»e reten­
tion indices,
To test the results of this procedure, some pure peptides 
were obtained from Dr. K. L. Rinehart and J, Gloer. These were 
hydrolysed, then derivatized and chromatographed with the hydro­
carbon mixture.
Amino Acids
A collection of 36 amino acids were used for this study.
They included 2k common amino acids obtained from commercial 
sources (Aldrich, Sigma, Nutritional Biochemicals, General Bio­
chemicals, and J. T. Baker Chemical Co.)i alanine, arginine, 
aspartic acid, asparagine, butyrine (But), cysteine, glutamine, 
glutamic acid, glycine, histidine, hydroxyproline (Hyp), isoleusine, 
leusine, lysine, methionine, ornathine (Om), phenylalanine, pro- 
line, sarcosine (Sar), serine, threonine, tryptophane, tyrosine, 
and valine. Also, a group of the unusual amino acids were collected 
from commercial sources 1 **-aminoisobutyric acid (Aib) from Aldrichj
8jj-alanine (^-Ala) from Research Organicsi pipecolic acid (Pip) 
from Sigmai N-methylleusine (Meleu) from Chemalogj alio-threonine 
(allo-Thr) from Sigma» f-hydroxylysine (Hyl) from Pfaltz arid 
Baueri and isovaline (Iva).
Several rare amino acids were included because of their 
occurrences in several natural peptides that have been of interest. 
N-Boc-3S, *+S-statine (3S, *+S-Sta), and N-Boc-3R, *+S-(3S, *+R)- 
statine (3R, *+S-(3S, *+R)-Sta) were obtained from Dr. D. H. Rich of 
the University of Wisconsin. These were originally encountered in
ph
197C in pepstatine by T. Aoyagi, et al. Another rare amino acid, 
4-methylproline, was originally found in apple fruits.2^ 26 Dr. L. 
Gaudioso, however, encountered this amino acid in the antibiotic 
CC 101*+. A similar amino acid, 3-methylproline, was provided 
by Dr. A. L. Argoudelis of the Upjohn Company. Also, a sample of 
N,O-dimethyltyrosine was obtained from Dr. R. E. Moore of the Uni­
versity of Hawaii.
The amino acids were categorized according to their polarity 
into three groups for analysist 1) the neutral, non-polar amino 
acidst 2) the neutral, polar amino acids 1 and 3) the acidic and 
basic amino acids. They were grouped ast
A. The Neutral, Non-polar Amino Acids 1 K -aminoisobutyric 
acid, alanine, ^-alanine, butyrine, glycine, isoleusine, isovaline, 
leusine, N-methylleusine, 3-methylproline, *+-methylproline,
ph> ylalanine, pipecolic acid, proline, sarcosine, valine.
B. The Neutral, Polar Amino Acids» asparagine, cysteine, 
glutamine, hydroxyproline, N,O-dimethyltyrosine, methionine, 
N-Boc-3S, 4s-stetine, N-Boc-3R» *+S-(3S, *+R)-statine, serine, 
threonine, alio-threonine, tyrosine.
9C. The Acidic and Basic Amino Acidsi arginine, aspartic acid 
glutamic acid, histidine, 4-hydroxylysine, lysine, ornathine, 
tryptophane.
Derlviitisation
Two different procedures were used for the derivatization 
of the amino acids to their N-trifluoroacetyl methyl esters * y 
and one for the N-trifluoroacetyl n-butyl ester derivatizationi 
1) N-Trifluoroacetyl Methyl Ester Derivatization
A. Two milligrams or less of the amino acid was dried in a 
screw capped test tube. About 2 ml of *tM hydrochloric acid in dry 
methanol was added and incubated, preferably after flushing with 
nitrogen at 70 °C for 90 min. The solution was taken to dryness on 
a rotary evaporator, or with a steam of nitrogen at about 50 °C.
To remove traces of water, 100 vL of dry methylene chloride was 
added and taken to dryness. The methyl ester hydrochlorides in 
the stoppered tubes then had to be kept under anhydrous conditions.
0.1 ml of N-trifluoroacetyl anhydride was added to the methyl 
ester hydrochloride. The cap was screwed on, and the tube was 
left to stand at room temperature for 20-30 min., and taken to 
dryness at 0 °C to prevent losses due to volatility. The residue 
was dissolved in 0.5 ml of carbon disulfide or methylene chloride 
for gas chromatography.
B. Up to five milligrams of the amino acid was evaporated 
from benzene several times to remove all traces of water. The 
residue was dissolved in 1 ml N-trifluoroacetic acid and 0.5 ml 
N-trifluoroacetic anhydride and allowed to stand at room tempera­
ture for k hrs. The solvent was then evaporated and the residue 
was then dissolved in methanol and treated with diazomethane
10
until a yellow color persisted for one minute. Excess diazo­
methane was destroyed with a drop of glacial acetic acid and 
the sample was dried under a stream of nitrogen. The residue 
was dissolved in carbon disulfide or methylene chloride.
2) N-Trifluoroacetyl n-Butyl Ester Derivatization
The amino acid was weighed in a screw capped test tube and 
for every 100 micrograms of amino acid, about 1 5 0 L of 3N hydro- 
chloric acid in n-butyl alcohol was added. This was mixed and 
heated for 15 min. at 100 °C. The esterification was completed 
by evaporating this to dryness at 100 °C under nitrogen and azeo- 
tropically removing the residual water with 150^L of methylene 
chloride.
To the residue 60.* L of methylene chloride and 20 /*L of 
N-trifluoroacetic anhydride per 100 micrograms of the amino acid 
were added and this was heated for 5 min. at 150 °C. The solvent 
was then removed with a stream of nitrogen and the residue was 
dissolved in methylene chloride or carbon disulfide for gas chroma­
tography .
Hydrocarbons
The hydrocarbon mixture included the normal-hydrocarbons 
from Cl0H22 to C2oH4? ^ l o ^ O ^ ’ and the even numbered hydrocar­
bons from Cggfyg to (C22_C36* even) *n 'toluene. When chro­
matographed, these gave a fairly linear distribution for the tem­
perature programmed runs.
Due to the toluene, a large peak was observed between Cj* 
and C^2 resulting from benzaldehyde. To identify this peak, 
the mass spectrum was obtained using an El source on a Varian 
311-A mass spectrometer (Fig. 1). This contaminant created some
t
Pig. ii Identification of the Impurity of the Hydrocarbon Mixture, 
a) Reconstructed Gas Chromatograph of the Impurity (peak 30).
b) Mass Spectrum of the Impurity) Identified as Benzaldehyde.
tt> ie lo-otc-sihtomocmmon * tor# i £ CRL!Cl STM! BO SCAN a ««
1 * 0 i so
difficulties in resolving some of the lower boiling point deri- 
vatives from it. Generally, it did aid in the labeling of the C*. 
and/or the C. ^  peaks in the messier chromatographs.
Gas Chromatography
All of the gas chromatography was run on a Varian 3700 gas 
chromatograph equipped with a Varian A-25 recorder. Runs were 
made for both sets of derivatives on two, 6 ft. long columns with 
2 mm inner diameters. One was picked with 3* OV-17 on 100/120 
Gas Chrom Q (Applied Science) and the other with Tabsorb (Regis).
The normal chromatography conditions were for the injection 
port to be at 270-280 °C and the detector at 300 °C. Programs 
were run from 50 °C to 280 °C for 3% 0V-17 and 50 °C to 210 °C 
for Tabsorb with program rates from 3 °C to 5 °C per min. for 
either. The carrier gas was helium and was set at ^0 ml per 
min. for either column.
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RESULTS and DISCUSSION
The analysis was done in several stages, the first being 
the analysis of the N-trifluoroacetyl methyl ester derivatives 
individually on the OV-17 column and then on the Tabsorb column. 
Mixtures of these derivatives were made according to their 
grouping. These were chromatographed to give the final retention 
index values and to show the resolution between components.
Then in this same way, the N-trifluoroacetyl n-butyl ester deri­
vatives were analyzed. Hydrolysates of some peptides were ob­
tained, derivatized, and chromatographed to give their retention 
indices to test this assay.
Analysis of the N-Trifluoroacetyl Methyl Ester Derivatives
I.Individual Analysis of the Derivatives.
Most of the compounds gave single peaks, and all of these 
were within the scale of the 36 hydrocarbons. Some of the amino 
acids showed unusual results. 3-Methylproline was observed to 
give two peaks. The mass spectra (Fig. 2) for these were identi­
cal, which suggested that they are probably sterioisomers of 
each other.
The next observation was that the derivatives of asparagine 
and glutamine gave the same individual retention indices as those 
of aspartic acid and glutamic acid, respectively. Mass spectra 
(Fig. 3 and Fig. k) indicated that these were both the diesters as 
were the glutamic acid and aspartic acid derivatives. Asparagine 
and glutamine could be distinguished from aspartic acid and glutamic 
acid in a peptide by the dehydration-reduction procedure developed 
by C. Ressler and D. V. Kashelikar.^0
Another unusual result was the occurence of three peaks
rig. 2t Mas8 Spectral Identification of the Two Peaks of the
N-Trifluoroacetyl Methyl Ester Derivative of 3-Methylproline.
a) Reproduced Gas Chromatograph of the N-Trifluoroacetyl 
Methyl Ester Derivative of 3-Methylproline.
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b) El Mass Spectrum of the First Peak.
c) El Mass Spectrum of the Second Peak.
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Fig.
a)
3 i Mass Spectral Identification of the N-Trifluoroacetyl 
Methyl Ester Derivative of Asparagine.
Reproduced Gas Chromatograph of the TFA Methyl Ester 
Derivative of Asparagine.
b) El Mass Spectrum of the Derivative, Indicating the Diester.
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Fig Mass Spectral Identification of the N 
Methyl Eater Derivative of Glutamine.
a) Reproduced Gas Chromatograph of the TFA 
Derivative of Glutamine.
Trifluoroacetyl
Methyl Ester
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for the derivative of £-hydroxylysine. The mass spectra (Pig. 5) 
of these peaks indicated that the first two peaks were probably 
caused by steric-isomers of the N-trifluoroacetyl methyl ester 
derivatives, and the third peak was identified as the lactam of 
the derivative.
II.Retention Indices of the N-trlfluoroacetyl Methyl Ester De­
rivatives on jit
After the individual analysis indicated the retention order 
of the derivatives and any unusual results, retention indices 
were obtained for the three groupings of the amino acids on both 
columns. They were first obtained on the 3JJ OV-17 column, then 
on the Tabsorb column. Table 1 shows the retention indices ob­
tained for this derivative on yf> OV-l?.
A . The N-Trifluoroacetyl Methyl Ester Derivatives of the 
Neutral. Non-polar Amino Acids> The analysis of this group of 
derivatives was complicated by poor resolution of several amino 
acids, low retention times, and interference from the benzaldehyde 
in the hydrocarbon mixture. The resolution problem could not be 
overcome by any changes in the chromatography conditions, so the 
mixture was analyzed as two solutions.
The first solution (Fig. 6) contained the derivatives of 
or-aminoisobutyric acid, butyrine, valine, sarcosine, leusine, N- 
methylleusine, and pipecolic acid. The second solution (Fig. 7) 
contained the derivatives of alanine, isovaline, glysine, {£ -alanine, 
isoleusine, proline, and phenylalanine. Because of the inability 
to obtain the methylprolines when this analysis was done, they 
were chromatographed separately. The hydrocarbon peaks from these 
chromatographs were used to make the working curves (Fig. 8 and
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Table 1» 5*J®2tion1In^ ces of the N-Trifluoroacetyl Methyl Ester Derivatives on 3% 0V-17. y W 1
Elution Order
I Aib 10522 Ala 1065
3
1
Iva 1100
4 Gly 1125
5 But 11356 Thr 1143
7
A
Val 11738 Ser 1189
9 Sar 120510 3  -Ala 1210
11 allo-Thr 1212
12 H e 1250
13
1
Leu 1265
14 Cys 1341
15 N-MeLeu 1360
16 3S, 4S-Sta 1390
17 Asn, Asp 1416 (± 2)
19 Pip. Pro,and 1447 (i 2)3-MePro (pk. 1)
22 Hyp 1468
23 3-MePro (pk. 2) 1472
24 4-MePro 1479
25 3R, 4s -(3S, 4r ). 1493Sta (pk. 1)
26 Met 1545
27 Gin, Glu 1566
29 3R, 4S-(3S, 4r ). 1629Sta (pk. 2)
30 Phe 1635
31 Orn 173732 Tyr 1760
33 &-Hyl (pks. 1,2) 1805
35 Lys 1850
36 Arg 1935
37 o-Hyl, lactam 2054
38 N,0-Me2Tyr 2088
39 Trp 2101
4o Kis 2161
Pig. 6 1 Ctooratograph of the N-Trifluoroacetyl Methyl Ester Derivativesor the Neutral, Non-polar Amino Acids on 3% 0V-17, Mixture 1.
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• >t«F* ■«*c
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Pig. 81 Working Curve for the Retention Indices of the 
N-Trifluoroacetyl Methyl Ester Derivatives of 
the Neutral, Non-polar Amino Acids, Mixture 1, 
on 3% OV-17.
Pig 9« Working Curve for the Retention Indices of the 
N-Trifluoroacetyl Methyl Ester Derivatives of 
the Neutral, Non-polar Amino Acids, Mixture 2, 
on 3% OV-17*
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Fig. 9)- Prom the working curves, the retention indices were ob­
tained (Table 1).
The low retention times required a low initial column 
temperature and slow temperature programming. This caused some 
band-broadening, but clear peaks were still obtained. Though the 
benzaldehyde did interfere in the analysis of the solutions, it 
did not interfere in the final retention index values for any 
of the amino acid derivatives.
B. The N-Trifluoroacetyl Methyl Ester Derivatives of the 
Neutral, Polar Amino Acidsi The amino acids within this group 
gave very good separations from each other (Fig. 10). The only 
complications in the analysis of this group came from serine with 
alio-threonine and N-Boc-3S, ^S-statine with asparagine. These did 
not completely resolve from each other, but they were still dis­
tinguishable .
Retention indices were obtained from the working curve (Fig.
11). From the retention indices (Table 1) of these and the other 
N-trifluoroacetyl methyl ester derivatives chomatographec on 3% OV-17, 
much interference was observed between the groups. Though most of 
the derivatives in the neutral, polar amino acid group were re­
solved from each other, several were not resolved from the deri­
vatives of the neutral, non-polar amino acids.
Alio-threonine could not be resolved from sarcosine or 
p-alanine if in the same solution. Other obvious problems include 
the resolution between the derivatives of hydroxyproline and the 
second peak of 3-methylproline and phenylalanine and the second 
peak of N-Boc-3R, ^-(3S, 4R)-statine.
C . The N-Trifluoroacetyl Methyl Ester Derivatives of the
Fig. 101 Ghromatograph of the N-Trifluoroacetyl Methyl Ester Deriva- Mtives of the Neutral, Polar Amino Acids on 3)1 OV-1?. -o
Fig* H i  Working Curve for the Retention Indices of the N-Trifluoro-
acetyi Mettol Ester Derivatives of the Neutral, Polar Amino Acids on 3% OV-17*
to
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Acidic and Basic Amino Acids> Outside of the common derivatives 
between asparagine and aspartic acid and glutamine and glutamic 
acid, and the inability of this column to separate the two £-hy- 
droxylysine peaks, this group of N-trifluoroacetyl methyl ester 
derivatives remained well resolved from each other (Pig, 12) and 
from the derivatives in the other groups (Table 1). The reten­
tion indices were obtained from the working curve (Pig. 13) and 
they indicated that most of these derivatives eluted late due to 
their polar properties. This requires lengthy analysis times, 
but provides good separations.
D. The N-Trifluoroacetyl Methyl Ester Derivatives of the 
Methylprolinesi These amino acids usually fall into the neutral, 
non-polar groupi however, due to the late arrival of these com­
pounds, they were analyzed separately from the other neutral, non­
polar amino acid derivatives. Because of their similarities, they 
gave a good test of the columns' resolving strengths. The deri­
vatives of proline, 3-methylproline, and 4-methylproline were 
combined and chromatographed with the hydrocarbons (Pig. 14).
The retention indices were measured from a working curve (Pig. 15)* 
and the results indicated no resolution between proline and the 
first peak of 3-methylproline and poor resolution between the 
second peak of 3-methylproline and 4-methylproline.
The Tabsorb column was used as well as the 3£ OV-17 column so
that the two could be compared to show which would give better 
results, or to show how the results from both columns could be 
used to give the best analysis. Again, the three groups of amino 
acids were analyzed separately, and the retention indices were
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obtained and combined in Table 2.
A. The N-Trifluoroacetyl Methyl Ester Derivatives of the 
Neutral, Non-polar Amino Acidsi All of the derivatives separated 
except those of oc-aminoisobutyrie *eid and isovaline (Fig. 16). 
Complete resolution could not be obtained between leusine and
proline. This group of derivatives, however, gave a much better 
chromatograph on the Telsorb column than it did on the 3Jl OV-i? 
oolumn. Retention times wart lew, yet the problem# encountered in 
the chromatograph of theee deri vatives on 3R OV-17 were not 
*nrcentered 0n Tabsorb. The retention indices ware obtained iron 
the working curve (Fig. 17), and Table 2 indicates that the only 
resolution problem* between this set Of derivatives and the acidic, 
basic, and neutral, polar amine acid derivatives comes from the
phenylalanine derivative, whloh may not resolve from hydroxypro- 
line, glutamine, and glutamic acid.
* i*a itatfA ihttr ifdaitoi,, t-1. m t
Separations were attained for all
ef the compounds, yet not all were complete resolved from each 
other (Pig, 18). The derivatives of N>0-dimethyltyrosina tod ty~ 
resine had vary similar retsntion times and barely separated.
Other resolution problems ware observed for the derivatives of 
serin* tod asparagine, cysteine and methionine* and hydroxy- 
UNsline and giutmmini. fhi retention indices were read from the 
working curve (Fig. 19)* and in Table 2 they show tfeat very little 
Interaction occurred between this group of amino acid derivatives 
and the ether groups. Outside of the common retention indices of 
glutgmine arid asparagine to glutamic acid and aspartic acid from 
hfttiflf the same derivative, the only separation problems for this
Table 2 i Retention Indices of the N-Trifluoroacetyl Methyl 
Ester Derivatives on Tabsorb.
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Elution Order Amino Acid Retention Index
1 Aib, iva 126o
3 Ala 1307
4 Sar 1330
5 Eut 1360
6 Val 1375
7 Gly 1410
8 lie 1455
9 (3-Ala 1467
10 N-MeLeu 1480
11 Pip 1493
12 Leu 1515
13 Pro 1525
3-MePro (pk. 1 ) 1533
15 3-MePro (pk. 2) 1549
16 4-MePro 1584
17 Thr 1607
18 allo-Thr 1666
19 Ser 1678
20 Asn, Asp 1695 5)
22 Cys 1805
23 Met 1822
24 Hyp 1867
25 Phe 1870
26 Gin, Glu 1876
28 3S, 4S-Sta 1948
29 3R, 4S-(3S, 4R). 2060Sta (pk. 1)
30 3R, 4s-(3S, 4r ). 2095Sta (pk. 2)
31 Tyr 2149
32 M,0-Me2Tyr 2161
33 Orn 2373
34 Lys 2461
35 Trp 2545
36 |-Hyl (pk. 1 ) 2686
37 Arg,f-Hyl (pk. 2) 2704
39 His 2731
40 S-Hyl, lactam 2917
Fig. 16i Chromatograph of the N-Trifluoroacetyl Methyl Ester Deriva­tives of the Neutral, Non-polar Amino Acids on Tabsorb.
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Fig. 17* Working Curve for the Retention Indices of the N-Trifluoro-acetyl Methyl Ester Derivatives of the Neutral,Amino Acids on Tabsorb.
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Pig* 19* Working Curve for the He'tension Indices of the N~Trifluoro—acetyl Methyl Ester Derivatives of the Neutral, Polar AminoAcids on Tabsorb*
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group of derivatives came from phenyalanine with glutamic acid, 
glutamine and hydroxyproline.
C . The N-Trifluoroacetyl Methyl Ester Derivatives of the 
Acidic and Basic Amino Acidsi This group did not separate as 
well on tv ; v ibsorb column (Fig. 20) as they did on the 3Jt OV-17 
column. The derivatives of histidine, arginine, and the second 
peak of S-hydroxylysine could not be resolved. The derivative of 
histidine, however, was separated from the other two derivatives 
and could be identified. The separation between this group of 
the N-trifluoroacetyl methyl ester derivatives and the neutral, 
non-polar and neutral, polar derivatives was about the same as 
the separation that was obtained on the 3J80V-17 column. The 
retention indices were obtained from the working curve (Fig. 2 1).
D. The N-Trifluoroacetyl Methyl Ester Derivatives of the 
Methylprolinesi Excellent separation of the two N-trifluoroace­
tyl methyl ester derivatives was obtained with the Tabsorb column 
(Fig. 22). The derivative of proline was not completely resolved 
from the first peak of the derivative of 3-methylproline. A 
separation, however, could be observed for these peaks on the 
chromatograph obtained with Tabsorb, where it could not be ob­
tained with yf> OV-17. No interferences from the other amino acid 
derivatives would be expected according to the retention indices 
obtained from the working curve (Fig. 15) and given in Table 2.
IV.Amino Acid Analysis Using the N-Trifluoroacetyl Methyl 
Ester Derivative?!
In the qualitative analysis of the N-trifluoroacetyl methyl 
ester derivatives of an amino acid, amino acid mixture, or the 
hydrolysate product of a peptide the best determination of the 
amino acid content could either be obtained using just one of
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of the columns, or using one of the columns and checking any 
uncertainties with the other column.
From the retention indices in Table 1 and Table 2 the best 
results were obtained using the Tabsorb column. Several reasons 
can be citedt 1 ) the neutral, non-poler amino acid derivatives 
could be analyzed using a more general temperature program on 
Tabsorbi 2) intra-group separations were typically much better 
by Tabsorbi 3) very little inter-group interference occurred 
in the Tabsorb compared to the 3% 0V-17i and 4) better separation 
of the isomers could be obtained with the Tabsorb column.
The 3% OV-l? column did offer some advantages over the Tab­
sorb columni 1 ) analysis of most of the derivatives could be 
made quicker on 3% OV-17» 2) a better temperature range is offered 
by 3% OV-l? (up to about 300 °C) than by Tabsorb (up to about 
225 °C)i and 3) OV-17 is the more common stationary phase and 
is less expensive and easier to obtain. Though the Tabsorb col­
umn gave a better separation of these derivatives than the 3Jt 
OV-17 column, several problems with resolution were observed 
for the retention indices on Tabsorb. Many of these could be 
distinguished with the 3% OV-17 column when they could not be 
distinguished on Tabsorb.
Isovaline and «-aminoisobutyric acid are indistinguishable 
on the Tabsorb chromatograph, yet are clearly separated on the 
3% OV-17 column according to the retention indices in Table 1 .
Other sets of compounds that are difficult to differentiate on
Tabsorb include« leusine and prolinej histidine, arginine, and
*
*-hydroxylysinej and phenylalanine, hydroxyproline, and glutamic 
acid. All of these could be distinguished from each other on
*5
OV-17, though some do have other amino acids which might be 
interferences on the 3% OV-17 column, but not on the Tabsorb 
column.
The only amino acids that may pose a problem on both columns 
for the amino acids studied are the methylprolines. Pig. 22 shows 
that methylproline can be distinguished from both 3-methylpro- 
line and proline 1 proline, however, is not easily distinguish­
able from the first peak of 3-methylproline on either column.
If both of these existed in a mixture, some separation may be 
observed between them on Tabsorb (Fig. 22) and the second 3-methyl­
proline peak should prove the first peak's existance. Mass spec­
tral analysis should also be concidered.
Analysis of the N-Trifluoroacetyl n-Butyl Ester Derivatives 
I. Individual Analysis of the Derivatives.
The N-trifluoroacetyl n-butyl ester derivatives gave about 
the same results as the N-trifluoroacetyl methyl ester derivatives. 
The retention indices were higher due to the longer hydrocarbon 
chain, and some of the unusual results from the N-triflucroacetyl 
methyl ester derivatives were different. The smaller peak in 
the derivative of N-Boc-3R, ^S-(3S, ^R)-statine was not as pro­
nounced as it had been for the N-trifluoroacetyl methyl ester 
derivative. Also, <T-hydroxylysine contained the first two peaks 
of the isomers again, but the lactam of the derivative was not 
observed for this amino acid on either column.
Another difference inthis derivative is that some of the 
amino acids are not very soluble in the n-butyl alcohol/hydro- 
chloric acid mixture and do not give adequate derivatives. His­
tidine was the only amino acid that would not produce an adequate
derivative by the derivatization procedure cited in the experi­
mental section of this report. To obtain an adequate derivative, 
the methyl ester derivative of histidine was made and then inter- 
esterified to the n-butyl ester which made the N-trifluoroacetyl 
n-butyl ester derivative.
II. Retention Indices of the N-Trifluoroacetyl n-Butyl Ester 
Derivatives on 3ft
The individual analysis of the derivatives indicated the 
expected order and the unusual results. For this set of deriva­
tives, the methylprolines were combined with the neutral, non­
polar amino acids and the three groupings were analyzed sepa­
rately to give the retention times in Table 3.
A. The N-Trifluoroacetyl n-Butyl Ester Derivatives of the 
Neutral, Non-polar Amino Acidsi The results obtained for this set of 
derivatives(Figs. 23-26) were no oetter than the results obtained 
for the N-trifluoroacetyl methyl ester derivative. The tempera­
ture programming conditions were improved, yet the separations 
between the derivatives on the 3# OV-17 column were not as good 
(Fig. 23).
Three mixtures (Figs. 24-26) were required to provide an 
adequate separation of the derivatives to measure the retention 
indices. The indices were obtained from the three working curves 
(Fig. 27) that have been plotted together, and are listed in 
Table 3.
B. The N-Trifluoroacetyl n-Butyl Ester Derivatives of the 
Neutral, Polar Amino Acids> From the chromatograph (Fig. 28) 
an excellent separation of this group of the derivatives was 
observed. These results were simular to the resi ts obtained 
for the N-trifluoroacetyl methyl ester derivatives of this group,
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Table 3* Retention Indices of the N-Trifluoroacetyl n-Butyl 
Ester Derivatives on 3% OV-17.
Elution Order Amino Acid Retention Index
1 Aib 1278
2 Ala 1292
3 Iva 1323
4 Thr 1340
5 Gly 1349
6 But 1356
7 Ser 1376
8 Val 1377
9 allo-Thr 139**
10 Sar 1425
11 (i-Ala 1453
12 Leu 1454
13 H e 1457
14 Cys 1532
15 N-MeLeu 1557
16 3S, 4S-Sta 1600
17 Hyp 1657
18 Pipi 3-MePro (pk. 1) 1670
20 Pro 1679
21 3Rt 4s-(3S, 4R)-sta
(pk. 1 )
1686
22 3-MePro (pk. 2) 1698
23 4-MePro 1702
2k Met 1756
25 3R, 4s-(3S, 4R)-sta
(pk. 2)
1817
26 Asn, Asp 1843 (±1 )
28 Phe 1851
29 Orn 1905
30 Tyr 1932
31 £-Hyl (pks. 1,2) 1962
33 Gin, Glu 1995 (±5)
35 Lys 2033
36 Arg 2189
37 Trp 2262
38 N ,O-MegTyr 2271
39 His 2364
*>
•
Fig. 23« Chromatograph of the N-Trifluoroacetyl n-Butyl Ester Derivatives of the Neutral, Non-polar Amino Acids on OF-1?, Mixtures 1-3, Combined.
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Fig, 2 h % Chromatograph or the N-Trifluoroacetyl n-Butyl Ester Derivativesof the Neutral, Non-polar Amino Acids on 0V-17, Mixture 1,
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Fig. 25« of the Jf-Trifluoroacetyl n-Butyl Ester Derivativeslieu tral9 Ron-polar Amino Acids on 356 OV-17, Mixture 2.
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except for a change in the elution order of the derivatives of 
asparigine and glutamine.
In Table 3 the separations between the derivatives of this 
group and the derivatives of the neutral, non-polar and acidic 
and basic amino acids were indicated by the retention indices 
measured from the working curve (Fig. 29). The inter-group se­
parations indicated fewer interferences on OV-17 for the N- 
trifluoroacetyl n-butyl ester derivatives than for the N-trifluoro- 
acetyl methyl ester derivatives. Serine nearly had the identical 
retention index as valine, and the first peak of N-Boc-3R, *tS- 
(3S, 4R)-statine had a similar retention index to proline for 
this derivative. No other iter-group interferences were observed 
other than the identical retention indices for asparigine and 
glutamine with aspartic acid and glutamic acid.
C. The N-Trifluoroacetyl n-Butyl Ester Derivatives of the 
Acidic and Basic Amino Acidst This group had an excellent intra­
group separation (Fig. 30). Inter-group interferences were li­
mited to the identical derivative obtained from asparigine and 
aspartic acid and glutamine and glutamic acid according to the 
retention indices measured from the working curve (Fig. 31)•
The results from this group.Df derivatives were similar to the 
results of the N-trifluoroacetyl methyl ester derivatives of the 
same group of amino acids on 3# OV-17, except for a change in the 
elution orders of aspartic acid and glutamic acid. Analysis 
times were slightly longer for this group due to the longer hy­
drocarbon chain in the derivative.
III. Retention Indices of the N -Trifluoroacetvl n-Butyl Ester 
Derivatives on Tabsorb. .
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Pig. Chroaatagzmnh of the N-Trifluoroacetyl n-Butyl Ester 
of the Acidle and Basic Anino Acids on 3% OV-17.
Fig. 31s Working Curve for the Retention Indices of the N-Trifluoroacetyl 
n-Butyl Ester Derivatives of the Acidic and Basic Amino Acids on 
3* OV-1?.
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Individual analysis indicated the elution order of these 
derivatives on the Tabsorb column and any unusual results. The 
methylprolines were combined with the neutral, non-polar amino 
acids and the three groupings were analyzed separately to give 
the retention indices in Table b .
A. The N-Trifluoroacetyl n-Butyl Ester Derivatives of the 
Neutral. Non-polar Amino Acidst The chromatograph for this set 
of derivatives on Tabsorb (Fig. 32) had several problems with 
intra-group resolutions. The compounds involved include the de­
rivatives of w-aminoisobutyric acid and isovaline, 0-alanine and 
N-methylleusine, pipecolic acid and leusine, and proline and the 
first peak of 3-methylproline.
For the analysis of the N-trifluoroacetyl methyl ester de­
rivatives of the neutral, non-polar amino acids on Tabsorb the 
resolution between proline and the first peak of 3-nsthylproline 
was about the same as it was for the N-trifluoroacetyl n-butyl 
ester derivatives. Though the peaks from the derivatives of 
4-aminoisobutyric acid and isovaline were not completely separated 
on Tabsorb for this derivative, they had a much better separation 
than was obtained for the N-trifluoroacetyl methyl ester deriva­
tive. The sets of derivatives of 0 -alanine and N-methylleusine, 
and pipecolic acid and leusine had no separation for the N-tri- 
fluoroacetyl n-butyl derivative, yet all seperated for the N-tri- 
fluoroacetyl methyl ester derivative.
Retention indices of the N-trifluoroacetyl n-butyl ester 
derivatives were obtained from the working curve (Fig. 33) and 
were used to observe the inter-group relationships. Despite the 
poor intra-group separations, few inter-group separation problems
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Table Retention Indices of the N-Trifluoroacetyl n-Butyl 
Ester Derivatives on Tabsorb.
Elution Order Amino Acid Retention Index
i Aib 1502
2 Iva 1511*
3 Ala 151*3
k Sar 1569
5 But 1591*
6 Val 1617
7 Gly 161*2
8 H e 1683
9 £-Ala, N-MeLeu 1709
11 Pipi Leu 1738
13 Pro 1771
lk 3-MePro (pk. 1) 1776
15 3-MePro (pk. 2) 1803
16 Thr 1811*
17 4-MePro 1833
18 allo-Thr 1863
19 Ser 1881
20 Cys 2009
21 Met 2028
22 Hyp 2069
23 Phe 2092
2k Asn, Asp 211*1* (tl)
26 3S, ifS-Sta 2169
27 3R» i*S-(3S, l*R)-sta 2278
(pk. 1)
28 3R, t»S-(3S, i*R)-sta 2315 (-2)
(pk. 2), Gin, Glu
31 Tyr, N,0-Me2Tyr 2kki
33 Orn 2552
3k Lys 261*9
35 Trp 2709
36 S-Hyl, (pk. 1) 2871*
37 S-Hyl, (pk. 2) 289k
38 Arg, His 2915
».: 155* t in n w
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Fig* 32> Chromatograph of the N-frifluoroacetyl n-Butyl Ester Derivatives §of the Neutral* Non-polar Amino Acids on Tabsorb.
/Fig. 33« Working Curve for the Retention Indices of the N-Trifluoroacetyl 
n-Butyl Ester Derivatives of the Neutral, Ron-polar Amino Acids 
on Tabsorb.
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existed. The only possible problem between the groups would 
be an incomplete separation between the second peak of 3-methyl- 
proline and threonine according to the retention indices in Table 
ft.
B. The N-Trlfluoroacetyl n-Butyl Ester Derivatives of the 
Neutral, Polar Amino Acids> The chromatograph of the N-trifluoro- 
acei'Vl n-butyl ester derivatives of this set of amino acids (Pig. 3*0 
on Tabsorb had some separation problems. The derivative of glu­
tamine did not separate from the second N-Boc-3R, ftS-(3S, ftR)- 
statine peak, and the tyrosine and N,O-dimethyltyrosine peaks
did not separate. In both of these cases separations could be 
obtained between the compounds involved with the 3% OV-17 column.
Also in both cases separations were obtained with the N-trifluoro- 
acetyl methyl ester derivatives on either Tabsorb or 3% OV-l?.
In general, a better separation of the neutral, polar amino 
acid derivatives was observed on 3% OV-17, Tabsorb, however, 
still tends to be better due to the separation of the neutral, 
polar amino acid derivatives with the derivatives of the other 
two groupings.
After the retention indices were obtained from the working 
curve (Pig. 35), they were placed in Table 4 were they could be 
compared for inter-group separations. The results indicate only 
one possible interference (excluding the equivalent retention 
indices for asparigine and aspartic acid, and glutamine and glu­
tamic acid) from the second peak of 3-methylproline and threonine.
C . The N-Trifluoroacetyl n-Butyl Ester Derivatives of the 
Acidic and Basic Amino Acidsi This group of derivatives had sever­
al problems in analysis. Histidine and arginine would not sepa-
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rate (Fig. 36) and they both eluted after the temperature had 
reached the maximum of the temperature program. Some difficulty 
was also experienced in resolving the second peak of f-hydroxy- 
lysine from the peak created by the histidine and arginine.
Another resolution problem was the overlapping of the second 
peak of N-Boc-3Ri 4 s - (3 S , 4R)-statine and glutamine and glutamic 
acid. Though this peak of the statine derivative was covered, 
the amine acid can be identified more readily with the first peak.
The resolution problems and the temperature limits in the 
temperature programming make the analysis of this group of amino 
acids on Tabsorb difficult. A better column for this evaluation 
was shown to be the 3% OV-17 column (Fig. 30).
TV. Amino Acid Analysis Using the N-Trifluoroacetyl n-Butyl 
Ester Derivatives.
From the analysis of the three groupings of the N-trifluoro- 
acetyl n-butyl derivative on both 3% OV-17 and Tabsorb, a method 
of analysing an amino acid mixture or a hydrolysate product can 
be developed.
In the analysis of the neutral, non-polar amino acids both 
both columns showed resolution problems for several of the deriva­
tives. Tabsorb produced the more resolved chromatograph of the 
full mixture of the derivatives of these amino acids.
Ike neutral, polar amino acids were separated well by both 
columns, but the Tabsorb column gave a better separation between 
the amino acids in this group and the amino acids from the 
mautral, non-polar and acidic and basic amino acid groups for 
this derivative.
Par the acidic and basic amino acids, the 30 OV-17 column 
flOOO flask hotter results and could complete the analysis at a . 
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The method that was suggested for analysis using the N-tri- 
fluoroacetyl methyl ester derivatives is probably the best method 
of analyzing the N-trifluoroacetyl n-butyl ester derivatives.
The bes t; results were obtained from the Tabsorb column, so initial 
retention indices should be obtained on this column. The 30 OV-17 
column then can be used to determine any of the amino acids that 
could not be determined by the retention indices from the Tabsorb 
eolumn.
Prom the retention indices calculated for Table b it appears 
that the 30 OV-17 column will be required more for the analysis 
of the N-trifluoroacetyl n-butyl ester derivatives than for the 
N-trifluoroacetyl methyl ester derivatives. For retention index 
values near 1710, 17^0 1805» or 2900 for the N-trifluoroacetyl 
n-butyl ester derivatives on the Tabsorb column analysis with 
the 30 OV-17 column should be done. This method could be limited 
for this group of amino acids. For example, if a mixture contains 
leusine, isoleusine, and pipecolic acid the leusine may not be 
detected on the Tabsorb column due to interference from pipecolic 
add. It may also not be observed on the 30 Ov-17 eolumn due to 
the similarity of its retention index to isoleusine's retention 
index.
Observations on the Use of Retention Indices
Some other conciderations should be made when working with 
retention indices 1
221 Retention indices are temperature dependent and this 
can affect the results especially towards the end of a programmed 
run. To detect any large shifts in the retention index values 
a standard or standard set should be tested and compared to the 
literature values.
2) Many amino acids exist for which retention indices are 
not available. If such an amino acid were encountered it may 
be mistaken for an impurity or for one of the amino acids that 
has been given a retention index value. Retention indices are 
not conclusive, but can be useful in developing confidence in an 
indentification. Por more conclusive results another form of 
analysis should be used such as mass spectrometry.
3) Quantitative analysis probably should be done as a sepa­
rate chromatograph from the retention index run to avoid the in­
terference caused by the hydrocarbons.
Future Projects
Many projects related to this study should be concidered 
for future work on this subject. Tests of these derivatives on 
other columns should be concidered. Capillary columns may prove 
particularly useful in such an analysis. New derivatives should 
be tested such as the pentafluoropropanyl ester derivative or the 
trimethylsiiyi derivatives. Also other analytical techniques 
should be concidered that can be used for inexpensive amino acid 
analysis (a.g.t FT/IR).
SUMMARY
A group of 36 amino acids were derivatized to their N-tri- 
fluoroacetyl methyl and n-butyl esters for gas chromatography. 
They were analyzed with a group of hydrocarbons for retention 
indicts with four different test conditions 1
1) Gas chromatography of thi N-trifluoroacetyl methyl 
ester derivatives on 3% OV-17.
2) Gas chromatography of the N-trifluoroacetyl methyl 
ester derivatives on Tabsorb.
3) Gas chromatography of the N-trifluoroacetyl n-butyl 
ester derivatives on 3J* OV-l?.
k ) Gas chromatography of the N-trifluoroacetyl n-butyl 
ester derivatives on Tabsorb.
The method of analysis determined to be the best for use 
on the amino acids studied is to first analyze either derivative 
on the Tabsorb column and, if there was any uncertainty in this 
resultf the solution should be tasted on the 3$ OV-l? oolumn.
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